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14 The Journal of Thoracic and Cardiobjective: Ascending aortic aneurysm often causes dilation of the sinotubular
unction with consequent aortic insufficiency despite normal aortic cusps.
ethods: Replacement of the ascending aorta with reduction of the diameter of the
inotubular junction to correct aortic insufficiency was performed in 103 consecutive
atients. Twenty-nine also needed repair of cusp prolapse. The patients’ mean age was
5  12 years and all had ascending aortic aneurysm; 63 also had arch aneurysm and
1 had aneurysm of the entire aorta. The aortic insufficiency was graded as moderate in
4 patients and severe in 49. Patients were followed up prospectively and had echocar-
iographic studies annually. The mean follow-up was 5.7  3.4 years.
esults: There were 2 operative and 30 late deaths. Cardiovascular events were the
ause of death in 19 patients. Arch aneurysm and age were the only predictors of late
eath. Overall survival at 10 years was 54% 7%. Seven patients had moderate and 1
ad severe aortic insufficiency. The freedom from moderate or severe aortic insuffi-
iency at 10 years was 80%  7% and from severe aortic insufficiency, 98%  1%.
wo patients required aortic valve replacement, 1 because of severe aortic insufficiency
nd 1 for endocarditis. The freedom from aortic valve replacement at 10 years was
7% 1%. At the latest follow-up, 98% of the patients were in functional class I or II.
onclusions: Reduction in the diameter of the sinotubular junction restores aortic
alve competence in patients with ascending aortic aneurysm and aortic insuffi-
iency with normal aortic cusps. Late survival of these patients is suboptimal
ecause they often have extensive aneurysmal disease.
 
he term “aortic valve–sparing operations” was introduced in the early 19
describe procedures designed to preserve the aortic valve cusps in patients with
aortic root aneurysm with or without aortic insufficiency (AI) or ascending aortic
neurysms with AI owing to dilation of the sinotubular junction (STJ).1,2 Aortic
alve–sparing operations to treat aortic root aneurysms are complex procedures because
ost anatomic components of the aortic root need surgical correction. 3 This is not th
ase in patients who have an ascending aortic aneurysm and normal or minimally dilated
ortic root because the AI is usually caused by dilation of the STJ.4 Simple reduction o
ts diameter restores valve competence if the cusps are normal. 4 This study examines th
linical and echocardiographic results of replacement of the ascending aorta with
eduction of the diameter of the STJ to correct AI in patients with ascending aortic
neurysms and normal or minimally dilated aortic sinuses.
atients and Methods
rom September 1990 to June 2005, 103 consecutive patients with ascending aortic aneurysm
nd AI had replacement of the ascending aorta and repair of the aortic valve. Patients with
ild or no AI were excluded from this study. Table 1 shows the clinical profile of the patients.
vascular Surgery ● February 2007
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CDperations
he aortic valve repair consisted of simple reduction of the diam-
ter of the STJ by suturing a tubular Dacron graft of appropriate
Abbreviations and Acronyms
AI  aortic insufficiency
STJ sinotubular junction
ABLE 1. Clinical profile of patients with dilated sinotu-
ular junction
ariable
No. of
patients (%)
o. of patients 103
ean age  SD, y 65  12
ale gender 55 (53)
lectrocardiogram
Sinus rhythm 95 (92)
Atrial fibrillation 8 (8)
ssociated diseases
Diabetes 5 (5)
Hypertension 65 (63)
High cholesterol 22 (21)
Chronic obstructive lung disease 11 (11)
Renal failure 2 (2)
Heart failure 33 (32)
Angina pectoris 22 (21)
Cardiogenic shock 6 (6)
ew York Heart Association
Class I 26 (25)
Class II 32 (31)
Class III 25 (24)
Class IV 20 (19)
ortic dissection
Acute 14 (13)
Chronic 3 (3)
revious heart surgery 6
eft ventricular ejection fraction
60% 35 (34)
40%-59% 51 (50)
21%-39% 14 (13)
20% 2 (2)
Unknown 1 (1)
oronary artery disease 27 (26)
itral insufficiency 7 (7)
icuspid aortic valve 9 (9)
ortic arch aneurysm 63 (61)
ega-aorta syndrome 21 (20)
iameter of the ascending aorta, mm (mean  SD) 65  12
iameter of the sinotubular junction, mm
(mean  SD)
39  9
ortic insufficiency
Moderate (3) 54 (52)
Severe (4) 49 (48)dD, Standard deviation.
The Journal of Thoraciciameter to the aortic root at the level of its STJ in all patients. The
iameter of the graft was estimated by pulling the commissures
pward and toward each other until the cusps coapted centrally. If
he diameter was less than 24 mm, a graft of this size or larger was
hosen, and the end used to correct the diameter of the STJ was
educed to the desirable diameter by plication. Nine patients also
ad replacement of the noncoronary aortic sinus because of aortic
issection or localized dilation of this sinus. This was done by
ailoring a neoaortic sinus in the end of the tubular Dacron graft
sed to restore the diameter of the STJ.4 wenty-nine patients had
rolapse of one or two cusps and the free margin was shortened by
lication along the nodule of Arantii. In 11 patients one cusp had
tress fenestration near the commissure and its free margin was
einforced with a double layer of 6-0 polytetrafluoroethylene su-
ure (W. L. Gore & Associates, Inc, Flagstaff, Ariz).5 Nine patients
ad bicuspid aortic valve with dilation of the STJ in all 
rolapse of the anterior cusp in 4. Two of them required replace-
ent of the posterior sinus.
Twenty-one patients had aneurysm of the entire thoracic or
bdominal aorta or both. The arch was replaced by the elephant
runk technique in 17 patients,6 and the entire thoracic aorta w
eplaced in 4. In addition, 42 patients had the aortic arch replaced
own to the level of the left subclavian artery (11 total and 31
emiarch replacement). Table 2 shows the operative data.
ollow-up
atients were followed up by the referring cardiologists and con-
acted by us annually. The mean follow-up was 5.7  3.4 years
range 0–15 years). No patient was lost to follow-up. Doppler
chocardiographic examinations were obtained annually. All pa-
ients had an echocardiographic study during the last year of
ollow-up, which was closed on December 31, 2005. Postoperative
I was assessed by echocardiography and entered into the data-
ase as none, trace, mild, moderate, or severe AI. If the echocar-
ABLE 2. Operative data
rocedure
No. of patients
(%)
eduction of diameter of STJ 103 (100)
iameter of STJ after surgery (mm) 25.9  2.2
orrection of aortic cusp prolapse 29 (28)
usp reinforcement with PTFE suture 11 (11)
ortic arch replacement 63 (61)
eplacement of entire thoracic aorta 4 (4)
itral valve repair 4 (4)
itral valve replacement 3 (4)
aze for atrial fibrillation 2 (2)
oronary artery bypass graft 27 (12)
ortic clamping time, min (mean  SD) 71  23
ardiopulmonary bypass time, min (mean  SD) 101  32
athology of the excised aorta
Degenerative aortopathy 98 (95)
Inflammatory nonspecific aortitis 4 (4)
Infectious aortitis due to tuberculosis 1 (1)
TJ, Sinotubular junction; PTFE, polytetrafluoroethylene; SD, standard
eviation.
and Cardiovascular Surgery ● Volume 133, Number 2 415
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4
A
CDiographic report read “trace to mild,” it was entered as mild, if it
ead “mild to moderate,” it was entered as moderate, and so on.
tatistical Analysis
ll data analyses were performed with SAS 8.1 software (SAS
nstitute, Inc, Cary, NC). Categorical variables are reported as
requencies and all continuous variables are reported as mean 
D. The Kaplan-Meier method was used to calculate estimates for
ong-term survival, freedom from recurrent AI, reoperation, and
hromboembolic events. All preoperative variables with a univar-
ate P value of less than .25 or those with known biologic signif-
cance but failing to meet this critical  level were submitted to the
ultivariable model for Cox regression analysis to determine the
ndependent multivariable predictors of late death. Variables re-
ention criteria in the model were set at a P value of .05.
esults
perative Mortality and Morbidity
here were 2 operative deaths, 1 due to stroke and 1 due to
hrombotic heparin-induced thrombocytopenia. Eleven pa-
ients required re-exploration of the mediastinum for bleed-
ng or cardiac tamponade or both. Seven patients had a
troke, 6 intraoperatively and 1 early postoperatively. One
f them died. One patient had a perioperative myocardial
nfarction. Nineteen patients had atrial fibrillation postoper-
tively. There was no other in-hospital complication.
ate Mortality
hirty patients died during the follow-up. The causes of
eath were cardiovascular in 19 patients, noncardiovascular
n 9, and unknown in 2. Cardiovascular causes were myo-
ardial infarction in 4 patients, sudden death in 3, stroke in
, type B dissection in 3, ruptured thoracoabdominal aneu-
ysm in 3, surgery for thoracoabdominal aneurysm in 2, and
hrombosed mitral valve prosthesis in 1. There was no
Figure 1. Patients’ survival.alve-related death. Patients’ survival was 54%  7% at 10 a
16 The Journal of Thoracic and Cardiovascular Surgery ● Febrears (Figure 1). Independent predictors of late death 
ge by increment of 5 years (hazard ratio 1.04, 95% confi-
ence limit 1.01–1.09) and aortic arch aneurysm (hazard
atio 2.9, 95% confidence limit 1.6–7.3).
ortic Valve Function
he latest echocardiographic study before death or aortic
alve replacement revealed trace or no AI in 55 patients,
ild in 38, moderate in 7, and severe in 1. Freedom from
oderate and/or severe AI was 80%  7% at 10 years
Figure 2). Freedom from severe AI was 98%  1% at 10
ears. No predictor of recurrent moderate and/or severe AI
as identified.
eoperations
wo patients required aortic valve replacement, 1 for
evere AI and 1 for infective endocarditis. Both patients
urvived. The freedom from aortic valve replacement was
7%  1% at 10 years. Eight patients had operations for
neurysms of the thoracic or thoracoabdominal aorta, and
patients died.
hromboembolism and Hemorrhage
ight patients had a thromboembolic event: 3 strokes and 5
ransient ischemic attacks. The freedom from thromboem-
olic complications at 10 years was 86%  5%. Nine
atients were receiving warfarin sodium for atrial fibrilla-
ion or a previous thromboembolic event. There was no
ajor anticoagulant-related hemorrhage.
nfective Endocarditis
ne patient with a bicuspid aortic valve had infective en-
ocarditis 2 years postoperatively and underwent successful
igure 2. Freedom from moderate or severe aortic insufficiency (AI).ortic valve replacement.
uary 2007
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A
CDvent-free Survival and Late Functional Class
eventy patients had no cardiovascular complications or
eath during the follow-up. At the latest follow-up contact,
1 patients were in New York Heart Association functional
lass I, 18 in class II, and 1 in class III.
iscussion
he standard operation for patients with ascending aortic
neurysm and AI has been aortic valve replacement and
upracoronary replacement of the ascending aorta. Indeed,
f the aortic valve cusps are abnormal, that is what should be
one. However, if the cusps are fairly normal and preoper-
tive echocardiography shows the AI to be central and due
o lack of coaptation of the cusps secondary to dilation of
he STJ, valve competence can be restored by simple re-
uction in the diameter of the STJ.4 Frater7 first described
his operation in 1986. Corrigan8 described this mechanism
f AI in a paper titled “Permanent Patency of the Mouth of
he Aorta” in 1832. Dilation of the STJ pulls the commis-
ures away from each other and prevents the cusps from
oapting centrally. This mechanical alteration of the aortic
oot increases the stress on the cusps, and they may become
longated or develop fenestrations in the commissural areas,
r both. However, if the cusp tissue is still strong, the
longation of the free margin can be satisfactorily corrected
y plication along the nodule of Arantii, and in cases of
arge fenestrations, the free margin of the cusp can be
einforced with a double layer 6-0 polytetrafluoroethylene
uture.5 These types of cusp procedures do not seem
ncrease the risk of late AI, and they expand the indications
or aortic valve repair.3
Although it is possible to select patients for this proce-
ure by reviewing the preoperative echocardiogram, the
ecision on the type of aortic valve–sparing operation is
ore often made intraoperatively. These patients are usu-
lly in their sixth and seventh decades, and the ascending
ortic aneurysm ends a couple of centimeters above the
ortic valve. The echocardiogram often shows a large as-
ending aortic aneurysm with ill-defined STJ and normal or
inimally dilated aortic sinuses. The AI is central and
aused by lack of coaptation of the cusps. Cusp prolapse is
nly evident in patients with bicuspid aortic valve because
he dilation of the STJ masks the elongated cusp. Intraop-
ratively, the aortic cusps are relatively small, the annulus is
lso small or normal, and the STJ is not easily identifiable,
articularly along the noncoronary sinus. After the graft has
een sutured to the aortic root, cusp prolapse, if present,
ecomes evident and it should be corrected. Once all this is
one, cardioplegic solution is injected into the graft under
ressure and the left ventricle is observed for distention. If
o distention occurs, the repair is usually satisfactory be-
ause even mild AI causes left ventricular distention when c
The Journal of Thoracicardioplegic solution is injected into the aortic root under
ressure.
The diameter of the graft was selected after transecting
he ascending aorta immediately above the commissures
f the aortic valve and pulling the three commissures up-
ard and approximating to each other until the cusps touch
ach other centrally.9 The diameter of the imaginary cir
hat included all three commissures was the estimated di-
meter of the STJ. If the diameter was less than 24 mm, a
raft of this size or larger, depending on the size of the
atient, was selected and the end to be anastomosed to the
ortic root to correct the diameter of the STJ was reduced to
he desired size by plicating the graft. This was done to
void small grafts in large patients, which may increase left
entricular afterload, particularly when long segments of
he thoracic aorta are replaced.
Patients with ascending aorta aneurysm and AI are usu-
lly older than patients with aortic root aneurysm3 and have
ore extensive aneurysmal disease with frequent involve-
ent of the transverse arch and remaining thoracic and
ometimes the abdominal aorta. These patients are good
andidates for aortic valve–sparing operations such as the
emodeling of the aortic root because the aortic annulus is
ot dilated.4 However, we do not believe that the ao
inuses need to be replaced because their thickness is nor-
al and the dilation is limited to the area of the STJ, which
s corrected once the STJ is sutured around the Dacron graft
sed for replacement of the ascending aorta. The noncoro-
ary sinus is sometimes dilated or involved by dissection,
ut if the other two are normal, we replace only the dilated
inus by tailoring the Dacron graft accordingly.4
The function of the aortic valve after this relatively
imple procedure was excellent. Only 1 patient had severe
I, and it was likely due to a technical error. When we first
egan repairing elongated aortic cusps, we used to perform
triangular resection in its central portion. We have learned
hat dehiscence of that suture line is a potential complication
f the technique, particularly in patients with a bicuspid
ortic valve.10 We have since abandoned triangular rese-
ion in favor of simple plication of the cusp along the nodule
f Arantii. Seven patients had moderate AI, but in none was
t hemodynamically significant because they did not have
ymptoms or echocardiographic evidence of left ventricular
olume overload.
Although the operative mortality was very low, the long-
erm survival was suboptimal at 54%  7% at 10 years.
here were no valve-related deaths in this series. There
ere, however, a high number of cardiovascular deaths
esulting from the extensiveness of the arterial disease of
hese patients. Two-thirds of them had transverse arch an-
urysm and 20% had aneurysm of the entire thoracic aorta.
ecently, LeMaire, Carter, and Coselli11 reported the out-
omes of 148 patients who had the elephant trunk technique
and Cardiovascular Surgery ● Volume 133, Number 2 417
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CDo treat extensive thoracic aneurysms. The aortic valve was
ormal in 71 patients, repaired in 35, and replaced in 42.
he 10-year survival was only 31%  5%. This poor
urvival is a reflection of the extensiveness of the aneurys-
al disease in these patients. Because of the high mortality
wing to rupture and/or dissection of the remaining thoracic
orta in these patients, Kouchoukos and associates12 believe
hat the entire thoracic aorta should be replaced during the
nitial procedure by approaching the chest through a clam-
hell incision. However, most surgeons treat these patients
ith a two-stage procedure.11,13
In conclusion, aortic valve sparing to treat patients with
scending aortic aneurysm with AI resulting from dilation
f the STJ is a relatively simple and durable procedure. The
nly difficult part of the operation is the recognition of the
athologic condition. Experienced surgeons and echocar-
iographers can identify these patients preoperatively by
chocardiography. Aortic valve function remains stable for
any years and valve-related events are rare. The long-term
urvival is adversely affected by the extensiveness of the
neurysmal disease that these patients frequently have.
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